A careful investigation of different corrections to binding energies of electrons in almost critical fields is performed. We investigate quantitatively the influence of the nuclear charge parameters, nuclear mass, degree of ionization on the value of the critical charge of the nucleus. Rather qualitative arguments are given to establish the contribution of the quantumelectrodynamic corrections, which are found to be small. Some phenomenological modifications of QED are quantitatively investigated and found to be of negligible influence on the value of the critical field. For heavy ion collisions with Zl J rZ2^> Z cr the critical separations between ions are given as results of precise solutions of the relativistic two coulomb center problem. Corrections due to electron-electron interaction are considered. We find (with present theoretical accuracy) Zcr = 173 + 2, in the heavy ion collisions RCT(U-U) = 34.7 ±2 fm and RCT (U-C f) = 47.7 ± 2 fm. We shortly consider the possibility of spontaneous muon production in muonic supercritical fields.
Introduction
If the binding energy of a state is greater than 2 me c 2 , while this state is vacant spontaneous free positron creation occurs and the vacuum becomes charged [1] [2] [3] . The external electromagnetic potential for which the spontaneous positron creation may occur is called critical. In order to investigate the positron creation in a heavy ion collision it is necessary to know the precise least nuclear charge which produces the corresponding critical potential.
The solution of the Dirac equation in the case of a pure Coulomb potential leads to the Sommerfeld finestructure formula which allows for lsj/o electrons only solutions for Z < a -1 = h c/e 2 = 137.03602. Beyond this value of Z no lsi/9 state is found in the discrete spectrum.
For extended nuclei the Dirac equation was first solved by Pomeranchuk and Smorodinsky 4 (Their work suffered from various numerical errors) and by Pieper and Greiner 5 . The nuclear charge distribution was given by a homogeneous charge sphere with a radius where r0 = 1.2fm. The atomic mass A has been approximated for superheavy elements by A = 0.00733 Z 2 + 1.3 Z + 63.6.
( 1.2)
The Is i/o state was found for values of Z 169. At this point the binding energy of the lsi/2 state reached 2 me c 2 . For the 2pi/o electron the critical R 8 71 value was found to be Z = 182. If the critical value of Z could be increased by more than 15 units due to nuclear properties, the electron -electron interaction and quantumelectrodynamical effects the associated experiments 1 ' 2 may become impossible. The exact theoretical and experimental determination of the critical charge seems also to be a valuable test for relativistic quantum mechanics and quantum electrodynamics of strong fields. By a precise measurement of electronic transition energies in superheavy atoms or quasiatoms formed during the collision of heavy ions with Zx + Z.2~ Zcr, it may be possible to decide if selfenergy-and vacuumpolarization corrections are described well within the frame of the generalized Hartree-Fock equation (1.1) given by Reinhard 6 and also Rafelski 
Zcr within the Framework of the Dirac Equation
In our calculations we use a realistic nuclear charge distribution of a Fermi type with the surface thickness parameter t fixed usually to 2.2 fm and the half density parameter c which was derived from the equivalent radius Even under the assumption that superheavy nuclei with Z~Zcr are stable it is not possible to determine the critical value better than two units because of the unknown nuclear charge parameters.
However, measuring several transition energies one will be able to attempt a best fit of nuclear charge distribution as it is done today in the muonic atom experiments.
For Z> 137 one can always define for each Z a critical radius for positron creation (we may compress the nucleus in a Gedanken Experiment till the critical value of R is reached). In Fig. 4 a the critical equivalent radius of a fermi charge distribution with t = 2.2 fm as function of Z is shown. We note that a change in the nuclear radius of 10% corresponds to a shift in the diving point by one unit.
As the equivalent radius is determined from the atomic mass, we can also plot the A dependence of the energy of the lsj/2 state -see Figure 4 b. In For the description of the HFS-ansatz we refer to Reference 9 . The selfconsistency criterion has been reached in our numerical code when the potential which was generated from the electronic density satisfied the condition which is one order of magnitude better than in Reference 9 . The binding energy of the lsj/2 electron of Z=173 was found to be -1006.175 keV with the maximum of \yj r 2 at 23.545 fm. In Table 1 the HFS energies of the first three electron shells of the noble gas with Z = 172 (A = 504, c = 9.243 fm) are listed and can be compared with the corresponding Thomas-Fermi results. The Thomas-Fermi binding energies are in each case greater than the HFS ones. The sum of the energy eigenvalues for Z= 172 was found to be 4705.411 keV; the contribution from the exchange term is 75.065 keV. We would like to mention, that for all elements from Z = 47 to Z=173 the nuclear charge distribution, the nuclear potential, the binding energies, the innerelectronic potential energy, the electronic exchange energy, the electronic density, the resulting potential, the principal maximum of I y.'r 2 of each electron and the maxima in the total density have been computed 10 . In Fig. 6 one can see for example for Z= 170 the total radial density of the neutral atom.
The maxima are at 25, 910, 2839, 6409 and 13997 fm. Critical potentials will be first experimentally realized in a heavy ion collision where the ion beam can be assumed to be highly ionized (20 -25 electrons removed) 11 . During the collision further ionization will occur -more than 100 electrons can be missing in the quasimolecule. For the neutral atom with Z = 170 the relativistic HFS energies for the Is]/? and the 2pa 2 electrons are -919.638 keV and -71.566 keV. The change of the binding energy of the lsj/2 electron due to ionization is shown in Figure 7 . In our calculations the outer electrons were removed step by step. Only for a degree of ionization d greater than 100 the influence on the diving point seems to be important. The change of the 2p;> 2-1 sj/2 transition energy is less than 200 eV for d< 100 and is less than 3 keV for d< 150. In order to create positrons it is necessary to have at least one vacancy in the K shell 3 . If one assumes only one vacancy in the K shell of Z=172 the binding energy of the lsi/2 electron would rise by 13.666 keV. We conclude noting that the effects of the electron configuration of a neutral atom with 12 (which is for m greater than the quantumelectrodynamic corrections) increases the diving point by about 0.5 units.
Two Center Calculations
The electronic levels in the molecular system V\ and V2 are obtained from finite size charge distributions of the collision partners. The eigenstates and eigenenergies are obtained by diagonalization of Eq. (3.1) in a suitable basis 13 in the adiabatic approximation as function of the two Coulomb center distances R. For critical systems the asymptotic spectrum of the united system is reached only when the two nuclei come very close (R<K-shell radius of the united system ~30fm). As no real Two-Center-Hartree-Fock calculations are available as yet, we estimate the electron screening effects by shifting the function E (R) according to the results of the HFS-calculations of the asymptotic limits R^ 0 and R -oo. For the lowest levels this approximation should be better than few per cents.
In Fig. 8 
Quantum Electrodynamic Corrections
The most unknown facts in the determination of the critical Z are the quantumelectrodynamic corrections such as vacuumpolarization and selfenergy. Calculations of the associated energy shifts are carried out commonly in a perturbation expansion where the small parameter is Z a. This approach yields satisfactory results for all known elements 12 ' 14 . Even for Fm (Z = 100) one gets for the binding energy of the lsi/9 electron (£'~142keV) only a shift of 484 eV due to selfenergy and -154 eV due to vacuumpolarization 12 . Nevertheless it is, of course, questionable to extend these calculations to atoms with Za>l. The QED corrections for strong fields are under investigation within the frame of Equation (1.3) 15 . One knows from heavy muonic atoms that in strong fields, but for Za<l vacuumpolarization corrections of higher than linear order are only a per cent effect compared to the effect of the Uehling potential [16] [17] [18] which we will evaluate further below. It is our present strong belief, that use of the Uehling potential is justified as long as Z<Zcr. For Z>Zcr however, one has to take into account the fact, that also a real charge is included in the vacuum. So far we attribute an uncertainty of one unit due to the perturbative determination of QED effects.
Supercritical Muonic States?
Beside the electrons an atom may contain muons.
These particles are fermions, too, and are subject to exactly the same interactions as the electrons, from which they only differ by mass. Consequently, one would expect the phenomena described above to happen in the very same way in superheavy muonic atoms, and more easily observable since the muonic K shell is usually (in all non-inuonic atoms)
unoccupied. But the muonic K shell radius lies for atoms with Z>100 inside the nucleus (see Fig. 9 ) Fig. 9 . The radial density \ipr\ 2 of the Is, 2 muons of the presumable stable superheavy elements a) Z = 114 and b) Z = 164 and the corresponding nuclear charge distribution. Only the Coulomb potential for extended nuclei and reduced mass effects are considered but no QED corrections are included. The K-shell radius lies inside the nucleus. and therefore the binding energies increase very slowly compared to the electronic ones. The energy eigenvalue of the lsj/o muon as function of Z is shown in Figure 10 . The diving point w r e found at the utopical value of Z = 2200 where w r e have assumed A = 2.5 Z, Re(} = 1.2 A ,/s and t = 2.2 fm. Even in the case of very high compression of the nuclear charge density in a high energy collision for example U + U the energy of the lsj/2 muon would reach the lower continuum only for nuclear radii R < 1 fm, see Fig. 11 , where we show T the lsj/2 8 10 Rn [fm] Thus an experiment may be easier done even with a low concentration of superheavy elements.
Phenomenological Modification of QED and Electrodynamics
The nonlinear electromagnetic field theories of Born-Infeld type which are described by the following class of Hamiltonian densities H (n) if the magnetic field B = 0, (6 ' 3) Due to the continuity equation one has the condition and a = -a the energy spectrum becomes 2(a/n) 2 E = m 1 -l + i(a/n) (6.14)
For a->co the energies approach the negative energy continuum and no positron creation would appear. However, the limits on the scalar coupling constant are set by atomic precisions experi- 
Conclusions and Outlook
In this paper we have discussed quantitatively all contributions which would affect the value of the critical nuclear charge or critical separation in heavy ion collisions. Most of these contributions are negligible -the important ones being a) electronelectron (HF-effects) interactions (±0.5 units), b) uncertainty in the charge distribution ( + 1.0 units), c) magnetic energy (+0.5 + 0.25 units), d) vacuum polarization and selfenergy (+1 units) shifts. Therefore we believe that the most realistic value for the critical nuclear charge is Z=173 + 2 where the uncertainty mainly comes from the still unprecise value for the QED effects. The critical separation in heavy ion collision was found to be R(U-U) = 34.7 + 2 fm, R(U-Cf) =47.7±2fm. The uncertainty corresponds to an assumed 60 keV uncertainty in the determination of the molecular state energy due to the estimates of the HF-and QED effects. The uncertainty in the nuclear charge distribution is negligible in this case. We would like to stress again that our calculations always include the finite nuclear size and are exact solutions of the relativistic Dirac equation.
In the future very tedious calculations are necessary to compute more precisely all the aforementioned effects, such as vacuum polarization, self-
